SUGGESTIONS FOR TAKING MEASUREMENTS

TIME

Tha timas that are required to work out the problems can sasily bs measured hy using a
watch: with a second hand or a digital watch with s stog watch mede. Whan measuring tha
pariod of n ride that involvas harmenic of ¢lrcular mation, measura the time for several
repetitions of the motion. This wili glve a bettar astimate of the period of motion than just
maasuring one repetiion. You may want to measure the time two or three timas and then
average them.

DISTANCE

Since you cannot interfere with the normal operation of the rides, you will not ba able to
directly measure heights, diamatars, etc. Most of the distances can be measured ramotaly
using the following mathods. They will give you a reasonable estimate, Try to keap
consistent wnits, i.e. maters, centimetara, etc., 10 make calgulations sasiar.

Pacing: Datermine tha langth of your striide by walking at your normal rate ovar a
measurad distance. Divide the distance by the number of steps and you can
get the average distance per step. Knowing this, you can pace off horizontal
distances.

My pacs = m

Ride structure: Distance estimates can be mads by noting regulaerlties int he structura of the
ride. For axampla, tracke may have regularly spaced cross-membars az shown in Rguras a.
Tha distance d ¢an ba sstimatad, ard by counting tha number of cross membars, distances
along the track can ba determined. This mathod can be ueed for koth vertical and horizontal
distancas.
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Trianygulations: For measuting height hy triangulation, a sextant such as that is shown in
Fgura b can be constructad.

Practica this with the school flagpole bafore you come to Six Flags Great America.
Suppose the helghts h, of the Amarican Eaple must be determinad.

1. Measure the distance between you and tha ride. You can page off the distance.
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2. Maasura the height of the sextant above tha ground.
Sextant haights hy: h, = m

3. Take a slghting at the highest point of the ride.

4. Read off the angla of alavation.

angle of elevation a
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5. Look up the tangent valus for tha angle measured or uss your scientific calculator:
tangant valua: .

ANGLE | TANGENT | ANGLE | TANGENT | ANGLE | TANGENT
De .00 360c i 652 2.14
B .09 40= .84 Fo 2.76
45c 1.00 T 3.73
50c 1.19 0o 5.87
b= .43 850 11.43
63- 1.73 90 b7.29
I R
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&. Multiply this tangent value by the distance from ride: hy =__m
7. Add this project to the height of the string hole: by = __m
This number iz the height of the ride. hy = _ m

Other: There ara athaer ways to measure distance. if you can think of ons, usa it. For
exampla, a similar but more complex triangulatdon could be uzed. If you can’t measure tha
distance L bacause you can’t get ciosa to the hase of the structure, use the Law of Sinexs

as ins figure ¢ balow:

Knowing @, @, and L. tha height h can be cakulated using the axprezsion:

aln B, sin @,
h = L

Agure o




CONSTRUCTING AND USING A HORIZONTAL ACCELEROMETER

A simpla, but effective, horizontal accelerematar mey be constructad from a paper
protractor, a piece of string, and a plastic button or small washar. Tie a butten on one and
of & piece of string roughly 15-20 cm leng. Pass the ather end of the string through the
£mall hole found at the bottom center of most protractors. The string may be taped in place
if no hole exists. The finishad product should appear az follows:
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When the edga of tha pretractor is pointed in the direction of the accaleration, the frasly
hanging mass {button or washer) will swing in the oppasite direction |see figural. The angle
formed by the swing and the vertical referanca line is related to the acceleration. To find
your ecceleration, you may use the horizontal acceleration chart in tha appendix of this
manual. Nota: The angle of deflection of the string and mass as indicated by the protractor
raadang is actually the complemont of the actual angles of deflection. Before refaming o tha
acceleration chart, you must subimct ths rasding on the protactor from 90 degroas.




SEXTANT

Trlangulation instrument and horizontal accelerometer

1.

2.

Cut out the sextant.

Fold tha top sectlon avar a pancil and roll it down to the heavy double lina to maka
a slghting twbs.

Tape the rollad paper tube closed and then iet the pencll slide out.
Glue the sextant to a 8" x 5" index card and trim.

Take about 20 cm of heavy thread and tis one end to a weight such as a rubber
stopper. Tie the other and through the hole at tha top of the sextant.

Lat tha thread hang fraa. The angle It marks off is the angular helght of an object
seen through the tube. o
!

I|:'vl:lll sighting tube !
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nole for siring
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Alternatively, a drinking straw car he attached to a plastic protractor to make a simitar

device.
Far instance:

An objsct diractly overhaad has an anguiar height of 30°.

An objact on the horizon has an angular height of 0°
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VERTICAL ACCELEROMETER

A very nice vartical accelercmeter can be mada using parts like those shown to tha rnght.
Tha necaszary parts |nclude ara listed below with the quantities given baing per
acceleramater.

1.

(1} rigid claar plastic tube, at laast 1.3 cm inside diameter and about 24 cm long.
Some thermomater casas are B aurtable size. You can also obtain plastic mailing tubas
in a varlety of suitable sizes.

{21 plastic end caps or rubber stoppers

{1} small sprng {Approximetely 1.5 ecm/gl. If you make the multidirectional
accalarometer you will nead 2 of these. Rubber bands may ha substituted for the
sprifigs, but have s distinct disadvantaga. The force constant of the rukbsr bands will

change if they are left under tansion for very long. Consaguenty the calibration of
tha acceleromeater will change with uss. Springs are highly recommaended.

11} fishing weight [ginker] with a mass of about 10 g.

i2) paper clips. You will need thres of thase if you meke the multidiractional
accalarometer.

Narrow tape, approximately 1/8" wide for marking acceleration calibrations. Vinyl
automotive pinstriping tapa works wall. Soma corraction tape may also be a suitable
width.

1" wide tape for securing all connections.

7" rubbar hand for a wrilst strap.
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CONSTRUCTING THE VERTICAL ACCELEROMETER

1. Attach the sinker to tha spring and giue. tapes and/or ¢crimp tha connection so that
thay will not datach.

2. Make two small holes through the end cap or stoppar !arge enough to insart the ends
of a paper clip.

3. Unband 8 paper clip and suspend the spring/sinker combination. Push the paper clip
through tha hotas int he snd cap of stepper. Placa the end cap or stoppaz on one end
of the tuha.

4, With the tube held horizontally, mark tha pasition of the waight when the spring is
ralaxad with a ring of atrping tape. This is the O "g"™ mark.

5. Hold .thu tube vartically with the waight hanging.
Muark the position of the sinker. Thie is the 17 mark.

Topa Hers )

G. Assuming that tha spring cbays Hooke's Law and
gtratchas linaardy., mark off posltion for 2 and
3 "g" the same distance away.

7. Tapa the paper clip ends so that they are not axposed.

B. insart the other and cap and attach the large rubbar

bend as a wrist strap. 0-4g" ek

1-"g" mark

Aftach Wist Strap




MULTIDIRECTIONAL ACCELEROMETER

The vertical accalarometar shown to the right ¢can be aagily modified =0 that it cen be sued
ta measure horizontal accelerations and negativa vertical acceleratlons. This modifications
involves simply attaching a sprng to the other and of the sinker and in turn attaching tha
second spring to the cther end of the plastic tube.

1. Cut the brass loop off the sinkar. Unbend a paper ¢lip and pass it through the hole
in the stoppar.

2. Bend the and of tha paper clip into lcops at both ands of the sinker. Wrap the wire
an Itself savarat times 1o make a sacure loop.

3. Attach a spring to each end of the sinker.

4. Attach each remaining end of a spring to an end cap ot stopper at the and of the tube
with papar clips as describad in the vertical accelorematar direction.

B. With the tuba hsld herizontally, mark the position of the wright. This is tha 0 "g"
mark. Held the tube vertically. Mark the position of the welight., This is tha 1 "g"
mark. Invert the tuba and mark the positlon of the waight. This ia the negeative 1 "g"

mark. Other positions, 2 "g™, -2 "g", 3 "g", ets. can be marked the sama distances
melong the tuba.

B. Secure the ands of the tube with tape and attach a rubbker band wrist strap.
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